The advent of gene cloning and DNA sequencing has revolutionized the nature and scope of modern research into protein structure and activity. To take full advantage of this technology, however, some knowledge of the amino acid sequence is usually required. Fortunately, advances in protein analysis and sequencing have allowed this important complementary information to be obtained. Most of these advances have involved instrumentation, the aim being to increase sensitivity to the point where subnanomolar amounts of material can be handled as a matter of routine. The purpose of this short review is to present a brief summary of the various methods which are presently available or under development.
Phenylthiohydantoin (PTHJ-amino acids
Traditionally, automatic sequencing has involved the identification of the relatively stable PTH-amino acids which can be generated from the products of the classical Edman degradation procedure. The advent of h.p.1.c. has allowed transmogrification of the older, qualitative thinlayer chromatography procedure to quantitative, and now much more sensitive, column techniques. The supports of choice generally are reversed-phase silica-based resins and the eluting solvents various formulations of sodium acetate buffer, acetonitrile, methanol and/or propanol, the essential elements of which were first introduced by Zimmerman et al. (1976) . Fig. 1 illustrates a routine separation of 21 PTHamino acids, using the conditions described in the legend and based on a C15-silica resin. Others have employed a similar system making use of a cyanopropylsilica support (Johnson et al., 1979) . Separations of all derivatives usually takes in the region of 20min with a complete cycle time of around 25min. It is important to point out that this type of profile can be obtained with silica supports from a wide variety of manufacturers and using most types of h.p.1.c. equipment (either high-pressure or low-pressure mixing). The exact details of the gradient system, however, will have to be carefully optimized for any particular combination of resin and apparatus. Reducing the run times to 10-15 min is possible with some h.p.1.c. equipment. Up to a certain point, the age of the column (i.e. the progressive removal of C18-moieties) does not markedly reduce the efficiency of resolution but care must be exercised in the case of PTH-histidine and PTH-arginine whose elution times showed age-related increases with many resins, giving rise to complications in the separation profiles. In the case of the procedure described in Fig. 1 , increasing the ionic strength or the pH of the elution buffer will once again bring the histidine and arginine PTHderivatives forward.
Using these techniques, modern detectors will allow identification of residues down to the 1 pmol level. With background subtraction, quantification to this level is just possible. Further increases in sensitivity will require a new generation or a new type (e.g. mass spectrometry) of detector. Alternatively, sequencing could be carried out using 4-NN-dimethylaminoazobenzene 4'-isothiocyanate (Chang et aE., 1976) , radioactive derivatives of phenylisothiocyanate or isothiocyanates capable of forming fluorescent-thiohydantoin derivatives. In these cases the sensitivity limits can drop well into the femtomolar. At these levels of PTH-amino acids, the background rise due to solvent impurities can become a serious problem. For this reason isocratic reversed-phase systems using sodium acetate/acetonitrile are being developed (Glajch et al., 1985) . An easier alternative is to monitor at 265nm at which wavelength the baseline rise is substantially reduced.
Although attention has been paid so far to only the standard PTH-amino acids, it is sometimes very important to detect and identify usual or chemically modified residues. The procedure outlined above can also prove very effective in these respects. An example is shown in Fig. 2 where the reaction of tyrosine or cysteine side chains with the hydrophobic photosensitive probe, [1251] iodoazidobenzene, gives rise on subsequent sequencing to two readily identifiable products.
Amino acid analysis
An important adjunct to sequencing is some knowledge of the amino acid composition of the protein or peptide. For most normal laboratories, the purchase of a dedicated amino acid analyser is not always the most effective use of capital. As a result, considerable attention has been paid to the potential use of more versatile h.p.1.c. equipment for such purposes. Conventional analysers use post-column derivatization of amino acids with ninhydrin or ophthalaldehyde (OPA; Roth, 1971) to allow detection and quantification. Although in theory a similar approach could be employed with h.p.1.c. equipment, in practice the systems required are more complex and the rapid and efficient separations achieved are partially nullified by subsequent dilution and diffusions. Pre-column derivatization does not suffer from these drawbacks and has the PTH-amino acid mixture (l00pmol) applied in 101.11 of 30% CH3CN/0.1% acetic acid to 51.1 Zorbax-ODS (25 cm x 4.6 mm). Gradient system: A, 15 mM-sodium acetate, pH 4.6; B, 100% CH3CN; 20-40% B linearly over 5 min, 40% B for 9.8 min, 80% for 1.3 min then re-equilibrate with 20% B. Flow rate: 1.3 ml/min. Column temperature: 52 C. Full scale deflection at 265 nm, 0.01 A.u.f.s. The one-letter code for amino acids is used.
additional advantage of allowing the use of reversed-phase systems, particularly if the products have enhanced hydrophobic character. The first effective system to be developed relied on reaction of the free amino group with OPA (Hill et Lindroth & Mopper, 1979) Since some of the OPAamino acid derivatives have variable stability,. the methods should involve absolute and rigid reproducibility of the procedures, a situation which has so far only proved reliably successful with the use of the Waters (Millipore) WISP autosampler. An additional unsatisfactory feature was the inability of OPA to react significantly with secondary amines, e.g. proline. Another potential drawback which has mitigated against the general use of both OPA and dansyl for pre-column derivatization. The first of these is dimethylaminoazobenzene sulphonylchloride (DABS-CI), which reacts quantitatively in 0 . 2~-N a H C 0~ (pH 9.0) with both primary and secondary amines to give products which are stable and which absorb in the visible region (420-430 nm). This has considerable advantages since many solvent contaminants which would normally interfere with detection and quantification at these low levels only absorb in the U.V. region. The reaction can be performed on freezedried protein hydrolysates and there is no need to remove the by-products of the reaction since they are well resolved from the derivatized amino acids. Separations can be achieved in about 40 min using c]8 -silica reversed-phase systems employing either acetate/acetonitrile or phosphate/ acetonitrile gradients (Chang et al., 1983) . From work in our laboratory it appears that this method could well have general applicability but considerable development will be required for each combination of resin and equipment.
More recently, Waters have announced a separation system for the phenylthiocarbamyl (PTC)-amino acid derivatives fromed from reaction with excess phenylisothiocyanate in triethylamine/ethanol/water mixtures (Cohen et al., 1984) . The derivatization and sample preparation procedures are a little more involved than with the DABS-C1 protocol but the separations, achieved using C,8 -silica supports and a sodium acetate pH 6.4/acetonitrile gradient systems, are impressive. The yields appear quantitative and the sensitivity and reproducibility of the analysis suggest that the method has considerable potential. its adaptation to different h.p.1.c. systems will require careful development, however, since the separations obtained in the designated time (12 nin) are at the moment very much a result of equipment development by Waters. It is conceivable, however, from experience with conventional malysers, that systems using PTC-derivatives could well evolve to suit most types of machine.
From this short description it is easily seen that h.p.1.c. applications range from protein purification and peptide isolation through to the analysis of amino acid composition and sequence. This has the advantage that a single type of equipment can be used for a variety of purposes, clearly of some relevance when research funds are scarce. It must be borne in mind, however, that switches from one function to another are time-consuming and non-trivial manoeuvres. For a busy laboratory, therefore, designated machines, be they conventional analysers or h.p.1.c. equipment, may still be more economical in the long run. In the future the promise of h.p.1.c. procedures, particularly in the field of microsequencing, lies in the resolution and speed of separation which can be achieved, allied to the increased sensitivity which innovations in detector technology and chemical me thodology will undoubtedly bring.
Recent advances in automated sample preparation of biological materials for high-performance liquid chromatographic analysis JOHN MILLS Varian Associates Ltd., Walton-on-names KT12 2QF, Surrey, U.K.
Before considering the possibllities of automated sample preparation in h.p.1.c. analysis, it is necessary to review some fundamental aspects of this facet of the analytical process.
Laboratories involved in the study of biological samples (noteably clinical laboratories and laboratories involved in research into drug metabolism) are faced with increasing demands upon their expertise. Essentially their problems are three fold:
(1) An ever-increasing number of samples must be analysed (in order to satisfy regulatory requirements).
( 2 ) More complex quantification and detection requirements must be satisfied because of the proliferation of new drugs and their associated metabolites.
(3) More complex isolation and sample preparation requirements must be met as a result of the increasing number of compounds involved, many of which occur at very low levels.
Recent developments in laboratory instrumentation have focused on problems related to sensitivity (i.e. detection) as well as on problems pertaining to the large quantity of samples that must be routinely handled in the laboratory. Instrumentation that is currently available offers high sensitivity with sophisticated detection modes together with microprocessor-controlled, automatic equipment that allows for rapid, unattended sample processing. Regardless of the sophistication of this apparatus, however, the clinical analyst must always present samples that have been treated by a sample preparation scheme involving isolation, concentration, or both.
Isolation of the compound of interest is not only the Abbreviations used: AASP, Advanced Automated Sample Preparation; TCA, tricyclic antidepressants.
Vol. 13 most under-rated step in analytical methodology but also the most important aspect of that methodology. Unless a mode of detection is selective for the compound being analysed, as is the case with enzyme immunoassay or radioimmunoassay techniques, the efficacy of a method's sample preparation step will ultimately determine the success of the overall analytical procedure. In order for a sample preparation method to be effective, it should be:
(1) Selective in isolating the compound or compounds of interest.
(2) Reproducible and efficient in terms of it's ability to recover the compound or compounds being isolated.
(3) Rapid.
(4) Simple with respect to actual manipulations of the (5) Cost-effective. Some methods require minimal sample preparation. As an example, one can add a polar organic solvent such as acetonitrile to plasma in order to precipitate proteins. The solids are separated by centrifuging the sample and then analysis occurs by injecting an aliquot of the supernatant into a h.p.1.c. system. However, a reduction in quantification can result from potential interferences on-column; thus guard columns should be used in all such applications. Moreover, this technique does not isolate the compound from other non-proteinaceous materials that do not coprecipitate out. It has been shown that a well-developed sample preparation allows for extended h.p.1.c. column use in comparison with acetonitrile or methanol dilution methods (Kabra et al., 1983) . Furthermore, dilution methods do not concentrate samples, which is a distinct disadvantage in light of increasing demands for the monitoring of low levels of new compounds and their metabolites in body fluids.
The most important requirement in any isolation process is that the compound of interest be not denatured or destroyed. For this reason, most isolation techniques employ a physical distribution of the compound between sample.
